SUMMARY: A protease from the digestive tract of tiger shrimp has been partially purified by means of organic solvent extraction and ammonium sulphate fractionation. The enzyme was capable to produce a protein-like material, called plastein, obtained from plastein reaction with substrate (hydrolysate) from autolyzed product of tiger shrimp digestive tract. The plastein and hydrolysate had relatively high protein content and also a respective amino acid composition. The amino acid compositions of protein hydrolysate were aspartic acid (13.3%), glutamic acid (13.8%), glycine (10.9%), histidine (14.0%), tyrosine (10.6%), methionine (4.5%), isoleucine (4.7%), phenylalanine (22.5%), and lysine (15.8%).
The amino acid compositions of plastein products of native enzyme were glutamic acid (3.2%), serine (6.5%), glycine (10.0%), histidine (8.2%), methionine (17.8%), isoleucine (11.2%), phenylalanine (14.9%), and lysine (14.9%). The amino acid compositions of plastein products of immobilized enzyme were aspartic acid (14.1 %), glutamic acid (12.4%), histidine (6.9%), tyrosine (8.4%), methionine (8.3%), leucine (10.5%), glycine (13.5%), and lysine (25.7%). The content of phenylalanine, an amino acid considered as the cause of a bitter taste of peptide (protein), decreased through plastein reaction from 22.5% for protein hydrolysate to 14.9% for plastein product of native enzyme. Moreover, the phenylalanine content of plastein product of immobilized enzyme became extremely low (undetected). In general, the products have a potential nutritional value. It may be used for nutritional supplements in various formulated food/feed products. KEYWORDS The objective of the study was to investigate the possibility of using the digestive tract of tiger shrimp, commonly discarded during processing , as a potential source for industrially valuable proteases with special characteristics . In addition, by using a discarded organ as a source of enzymes, it is expected to reduce environmental pollution and increase the economical value of the waste.
The study was designed to establish a simple procedure for the isolation of proteases, to immobilize the enzyme on glutaradehyde-treated chitin (prepared from shrimp shells) in order to facilitate the control of hydrolysis, to investigate their properties and to explore their potential uses in food/feed processing, especially on plastein reaction.
Hydrolysis and plastein reaction have significant roles in food/feed processing industries. One of the concerns in the enzymatic hydrolysis of proteins is to avoid the release of bitter-tasting peptides and/or amino acids. Their occurrence in the majority of proteins treated (an exception is collagen) cannot be ignored, especially when the extent of hydrolysis yields peptide fragments of less than 6 kdaltons. However, plastein reaction enables peptide fragments of hydrolysate to join enzymatically through peptide bonds at higher pH than the hydrolysis itself. However, the use of a phenylalanine-free higher molecular weight peptide is more advantageous from sensory and osmotic aspects.
MATERIALS AND METHODS
The digestive tracts (stomach and intestine) of the prawn were collected and frozen immediately until used. The whole organs were thawed, cleaned, ground and subsequently vacuum-packed. A portion of the autolyzed/hydrolyzed product after being concentrated was treated by washing with 70% of ethanol once, continued with acetone twice and also diethyl ether twice, and then vacuum-dried.
This vacuum-dried product was dialyzed against water for 48 h, and finally freeze dried. This product, called hydrolysate, was used for further studies. 
RESULTS AND DISCUSSION
The enzymes (native and immobilized) were capable to produce a protein-like material, called plastein , obtained from plastein reaction with substrate (hydrolysate) from autolyzed product of tiger shrimp digestive tract. The plastein and also hydrolysate produced from tiger shrimp digestive tract had relatively high of protein content and also a respective amino acid composition. The amino acids composition of protein hydrolysate were aspartic acid (13.3%), glutamic acid (13.8%), glycine (10.9%), histidine (14.0%), tyrosine (10.6%), methionine (4.5%), isoleucine (4.7%), phenylalanine (22.5%), and lysine (15.8%). The amino acids composition of plastein products (of native enzyme) were glutamic acid (3.2%), serine (6.5%), glycine (10.0%), histidine (8.2%), methionine (17.8%), isoleucine (11.2%), phenylalanine (14.9%), and lysine (14.9%). The amino acids compositions of plastein products of immobilized enzyme were aspartic acid (14.1%), glutamic acid (12.4%), histidine (6.9%), tyrosine (8.4%), methionine (8.3%), leucine (10.5%), glycine (13.5%), and lysine (25.7%).
The content of hydrophilic amino acid especially glutamic acid, however, also appeared to be high. It means that this plastein has advantage related to its solubility.
As Yamashita et al.9) reported that the higher the glutamic acid content the higher the solubility of the plastein (protein). He also reported that proteins with an increased content of glutamic acid showed an interesting sensory effect: partial hydrolysis of modified plastein does not result in a bitter taste, rather it generates a pronounced "meat broth" flavor .
The content of phenylalanine, an amino acid considered as the cause of a bitter taste of peptide (protein), decreased through plastein reaction from 22.5% for protein hydrolysate to 14.9% for plastein product of native enzyme.
Moreover, the phenylalanine content of plastein product of immobilized enzyme became extremely low (undetected). The relatively low content of phenylalanine is another advantage of applying this plastein to produce phenylalanine-free high protein products with a neutral taste and nutritionally enriched food/feed products. A phenylalanine-free diet is recommended for certain metabolic defects. It can be achieved by mixing amino acids. However, the use of a phenylalanine-free higher molecular weight peptide is more advantageous from sensory and osmotic aspects.
As mentioned above, one of the concerns in the enzymatic hydrolysis of proteins is to avoid the release of bitter-tasting peptides and/or amino acids. Their occurrence in the majority of proteins treated (an exception is collagen) cannot be ignored, especially when the extent of hydrolysis yields peptide fragments of less than 6 kdaltons. However, plastein reaction enables peptide fragments of hydrolysate to join enzymatically through peptide bonds at higher pH than the hydrolysis itself.1)
In general, the plastein and also the hydrolysate produced from the digestive tract of tiger shrimp had a respective amino acids composition and also relatively high of protein content, indicating that they are of potential nutritional value. It may be no disadvantage if they are used as nutritional supplements, especially protein/amino acids, in various formulated food/feed products and may indeed prove to be a desirable attribute in some applications, for instance, protein concentrate and/or fish meal.
